Band 7.2b is an integral phosphoprotein absent from the erythrocyte membranes of patients with hydrocytosis, an autosomal, dominantly inherited, hemolytic anemia characterized by stomatocytic red blood cells with abnormal permeability to Na+ and K+. The role of this protein in the erythrocyte membrane is not well understood. To gain additional insight into the structure and function of this protein, we have cloned the murine band 7.2b cDNA and studied its tissuaspecific expression. 2,873 bp of cDNA with an open reading frame of 852 bp were isolated. This fragment encodes a protein of 284 amino acids with a predicted molecular weight of 31 kD. The band 7.2b gene had a wide pattern of expression, with high levels of mRNA in heart, liver, EREDITARY stomatocytosis (HSt) is a heterogeneous group of disorders characterized by mouth-shaped (stomatocytic) erythrocyte morphology on peripheral blood smears. The clinical severity of HSt is variable; some patients experience hemolysis and anemia, while others are asymptomatic.' The red blood cell membranes of these patients usually exhibit abnormal permeability to the univalent cations sodium and potassium, with resultant modification of intracellular water content.'.'
EREDITARY stomatocytosis (HSt) is a heterogeneous group of disorders characterized by mouth-shaped (stomatocytic) erythrocyte morphology on peripheral blood smears. The clinical severity of HSt is variable; some patients experience hemolysis and anemia, while others are asymptomatic. ' The red blood cell membranes of these patients usually exhibit abnormal permeability to the univalent cations sodium and potassium, with resultant modification of intracellular water content.'. ' The two most common stomatocytosis syndromes are hydrocytosis or overhydrated hereditary stomatocytosis (OHSt) and xerocytosis or dehydrated hereditary stomatocytosis (DHSt).6,7 In OHSt, the intracellular sodium is increased to approximately 10 times its normal concentration, and the intracellular potassium is decreased to approximately one third its normal concentration. The transport rate of potassium via both the Na+/K+ pump and the Na+/K+/2Cl-cotransport system is markedly increased. DHSt erythrocytes have similar abnormalities in intracellular sodium and potassium, as well as cation transport rates, but to a much lesser extent than OHSt erythrocytes. It has been hypothesized that there is an ion leak in these erythrocytes, with an inadequate compensatory increase in the Na+/K+ pump rate. [7] [8] [9] Two-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analyses of red cell membranes have shown that erythrocytes from many patients with OHSt lack a 31-kD protein, band 7.2b,5*'0"5 this protein is not deficient in DHSt erythrocytes. Band 7.2b is an integral membrane phosphoprotein whose exact function is not completely understood. It may act as a gate or plug blocking an associated ion channel that is latent in normal erythrocytes (see Di~cussion).~ The human band 7.2b protein has been p~r i f i e d , '~"~ and the cDNA has been c l~n e d . '~. '~ It shares no sequence homology to other known proteins.
To initiate additional genetic studies of this protein and to gain further insight into its structure and function by comparing potentially important regions of homology conserved between species, we cloned the murine band 7.2b cDNA. The data presented here provide the molecular groundwork for further genetic and biochemical studies of band 7.2b that hopefully will yield additional insights into the function of this protein, particularly its relationship to ion transport in stomatocytic erythrocytes. skeletal muscle, and testis and low levels in lung, brain, and spleen. Using fluorescent in situ hybridization, the murine band 7.2b gene was mapped to chromosome 2, at the border of the distal region of 28 and proximal region of Cl, syntenic to 9q33-q34, the location of the human homologue. Models of the predicted protein structure showed a short NH,-terminal head, a strongly hydrophobic 28-amino acid stretch presumably encoding a single membrane-spanning domain, and a large domain composed of / 3 sheet and (Y helix. Database searching showed no significant homology of other known proteins to murine or human band 7.2b. 0 1995 by The American Society of Hematology.
MATERIALS AND METHODS
Cloning of the murine band 7.26 cDNA. A 491-bp human band 7.2b cDNA fragment corresponding to the 3' end of the coding region'* was used as the hybridization probe to screen a randomand oligo(dT)-primed murine reticulocyte cDNA library." Selected recombinants that hybridized to the screening probe were purified and subcloned into @EM-7Z plasmid vectors (Promega Corp, Madison, W). Subcloned fragments were analyzed by restriction endonuclease digestion, Southern blotting, and nucleotide sequencing.
Nucleotide sequencing. Nucleotide sequencing of subcloned cDNA fragments was performed using the dideoxy chain termination method of Sanger et a l Z o with T7 DNA polymerase (Sequenase; US Biochemical Corp, Cleveland, OH). The sequencing primers were the Sp6 or l7 vectors of the pGEM-7Z plasmid vector or, for some reactions, synthetic oligonucleotides (Table 1) . Deoxyinosine triphosphate was substituted for deoxyguanosine triphosphate to resolve band compressions and ambiguities.2' Both strands of the cDNA sequence were analyzed.
Oligonucleotide synthesis. Oligonucleotides were synthesized using an automated synthesizer (Applied Biosystems, Foster City, CA) and purified by oligonucleotide purification column (OW) chromatography (Applied Biosystems).
RNA preparation and Northern blot analyses. Total RNA was prepared from various murine tissues or murine erythroleukemia (h4EL) cells using the guanidinium-thiocynate-chloroform method, as described." A multiple-tissue Northern blot containing 2 pg poly(A)+ mRNA per tissue was obtained from Clontech (Palo Alto, CA). A 2.0-kb human &actin cDNA probe was used as a control for loading in Northern blot analyses. 5' rapid amplificution u j cUNA ends (RACE). Liver total RNA ( I pg) was reverse transcribed using primer B ( Table 1) and AMV reverse transcriptase (Promega Corp). After hydrolysis of the RNA template with NaOH, a single-stranded oligonucleotide primer was ligated to the first strand cDNA using T4 RNA ligase (Clontech).2' Using a primer complementary to the ligated primer and primer B (Table l) , the reverse-transcribed cDNA was amplified using the polymerase chain reaction (PCR). These amplification products were subjected to a second round of PCR, this time using primer A (Table  I ) as the antisense primer. Amplification products were subcloned and analyzed as above.
Primer extension analysis. Primer extension analysis of the murine band 7.2b transcription start site was performed using primers A and B (Table l) . 24 The primers were 5' end-labeled with 12P-adenosine triphosphate (ATP) and T4 polynucleotide kinase and precipitated with 5 pg of total RNA from fetal liver, adult spleen, or adult kidney, or with tRNA. The pellets were resuspended in hybridization buffer, heated, incubated overnight, and then precipitated. The pellets were resuspended and the primers extended with AMV reverse transcriptase. The RNA was then digestcd with RNase T2. Extension products were precipitated, dissolved in loading buffer, and analyzed on a 6% polyacrylamide gel.
Chromosomal localization. Four genomic DNA fragments werc generated by PCR amplification of murine genomic DNA using ATG TAG A4TACL4
5'
Open Reading Frame pallial AI" Table 1) . These primers were designed to amplify regions of genomic DNA encompassing multiple exons of the murine gene, based on the known introdexon boundaries of the corresponding human band 7.2b gene2' The resulting fragments contain a portion of the two primer-containing cxons, the complete sequence of a central exon, and two introns. Probes 1, 2, 3, and 4 were approximately 2.7, 4.4, 3.5, and 5.3 kb in length, respectively.
The probes were nick-translated with biotin-I 1 -deoxyuridine triphosphate (dUTP)," preannealed to murine C,,tI-fractionated DNA and salmon sperm DNA. Mctaphase spreads from a female mouse (C57BLh) were prepared from splenic cultures as previously des~ribed.'~ Hybridization of the probes with the metaphase spreads, hybridization washes, and probe detection was performed as described.28 Slides were counterstained with 4,6-diamidino-2-phenylindole (DAPI). Experiments were analyzed and digitally imaged with an Axioskop (Zeiss, Thornwood, NJ) epifluorescence microscope coupled to a cooled charge-coupled devicc camera. Grayscale images were collected using precision band pass filters for fluorescein and DAPI. Images were merged and pseudocolored using the Gene Join software package (Tim Rand, Yale University, New Haven, CT).
Computer una1y.se.s. Computer-assisted analyses of derived nucleotide and predicted amino acid sequences were performed using the sequence analysis software package of the University of Wisconsin Genetics Computer Group (UW GCG; Madison, WI)'" and the BLAST algorithm, National Center for Biotechnology Information (Bethesda, MD).'"
RESULTS

Isolation and analysis
of recombinant clones. Fifteen clones that hybridized to the screening probe were isolated on the first round of library screening. These clones were purified and subcloned, and their ends were sequenced (Fig  l) . -90 AGAGCTTGAGCCCCTTCGTTGCTAAC~TCTCAGTAAAGCTCCGGCTTT~AACTGACGAGTTTTTGAGCGACTCTGACTCCAGCACT stream sequence from the end of clone X16 (Fig 3) . An additional 46 bp of upstream 5' untranslated sequence was obtained by 5' RACE (bp -90 to -44 relative to the ATG). A stop codon is located 83 bp upstream from the predicted initiator methionine. Collectively, these data suggest that this sequence is at or very near the 5' end of the band 7.2b cDNA.
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The cDNA sequence predicts a protein of 284 amino acids with a predicted molecular weight of 31 k D . Comparison with human band 7.2b (Fig 4) ",'' shows that the murine band 7.2b gene contains four fewer amino acids at the carboxy terminus. The nucleotide and amino acid identity between mouse and human are 84% and 87%, respectively, with similarities of 84% and 94%, respectively. Interestingly, comparison of the 25 NH,-terminal amino acids showed a low degree of identity, only 32%, between the two species.
Secondary structure predictions using the deduced amino acid sequence showed a highly charged amino-terminus of 25 amino acids followed by a 28-residue hydrophobic stretch, then a large domain composed of p sheet and (Y helix (Fig 5) . Analysis of potential sites of posttranslational modification showed the following: six potential casein kinase I1 phosphorylation sites (amino acid residues 18, 23, phosphorylation sites (residues 2, 12, 18, 150, and 185), one cyclic adenosine monophosphate-dependent protein kinase phosphorylation site (residue 4), five potential glycosylation sites (residues 128, 135, 159,229, and 264), and one myristolation site (residue 278). There are several cysteines that could be palmitylated. The human protein is phosphorylated by a CAMP-dependent protein kinase, and it is palmitylated.I4 There is apparently no glycosylation of the human band 7.2b protein.
Is
Tissue-specijc expression. Northern blot analysis using clone AI 8 (1,522 bp) as probe detected an abundant message in heart, liver, skeletal muscle, and testis and a faint message in lung, brain, and spleen (Fig 6) . Compared with human band 7.2b, where alternatively polyadenylated mRNAs of approximately 2 and 3 kb are detected on Northern blotting (P.G.G., personal communication, April 1995), none were identified in the mouse (approximately 3 kb only). The faint, very large (> than 7.5 kb) hybridization signal seen in some tissues on Northern blotting is an inconsistent finding. It may represent crosshybridization to a related mRNA species.
Chrornosonzal localization. The probes individually gave a specific hybridization signal only on chromosome 2. A minimum of I O metaphase spreads for each probe were randomly merged and analyzed. Fourteen to sixteen chromosomes, with one discrete hybridization on each chromatid, were measured. The hybridization locus was identified by merging fluorescence images of the probe signals with DAPI staining (G banding). The gene for murine band 7.2b (Epb72) localized to the border of distal 2B and proximal Cl (Fig  7) , syntenic to 9q33 to q34, the location of the human band 7.2b gene." Review of a recently published report on chromosome 2, the second largest autosome in the mouse genome, shows that 2B is a region of high gene density that encodes a number of membrane-associated genes, including Spna-2-nonerythroid a spectrin (fodrin)-and Tan-lthe mouse homolog of Drosophila Notch.3'
Computer analyses. When compared with available databases, there was no significant homology of other proteins to murine or human band 7.2b.
Searching using only the highly charged, 25-amino acid NH,-terminus also did not reveal any significant homologies.
DISCUSSION
The murine band 7.2b gene appears to have a wide tissue distribution, as demonstrated by Northern blot analyses. Northern blot analyses of human tissue RNA hybridized to the human cDNA showed positive hybridization signals in liver, kidney, brain, gut, and heart. Interestingly, in our experiments, there was no hybridization to murine kidney Fig 5. A model of the band 7.2b protein deduced from Chou-Fasman predictions. There is a short, highly charged hydrophobic NH,-terminus, presumably extracellular; a hydrophobic region, presumably a transmembrane domain; and a large COOH-terminus. The structure of the COOH-terminus, which is presumed t o be cytoplasmic, is predicted to be composed largely of p sheet (amino acids 54 t o 1701 followed by CY helix (amino acids 171 t o 284).
RNA, nor was there the formation of a complex on primer extension analysis using murine kidney RNA. Protein immunoblotting using a polyclonal antihuman band 7.2b antibody showed reactivity in liver and kidney tissue, but none in brain, cardiac muscle, or ileum.I4 Band 7.2b reactivity to a human monoclonal antibody has been observed in the erythrocytes of a wide variety of species, including rat, pig, cow, sheep, rabbit, chicken, and frog.'' There is currently no evidence that other tissues are affected by band 7.2b deficiency in patients with overhydrated hereditary stomatocytosis.
An interesting observation of this study is the lack of homology between mouse and humans of the extracellular NH,-terminal domains and a very high degree of homology of the intracellular COOH-terminal domains. The presumptive orientation of the human band 7.2b protein (ie, NH?-terminus extracellular and COOH-terminus cytoplasmic) is based on evidence from proteolytic digestion studies, absence of glycosylation of multiple potential glycosylation sites in the large COOH-terminus, and electrostatic charge differences flanking the hydrophobic domain of human band 7.2b. These homologies can be viewed in light of the possible 363 structure/function relationships of band 7.2b, even though the role of band 7.2b protein in ion transport is, as yet, unclear. Band 7.2b may support, activate, or regulate an associated ion channel.
The CIC2 chloride channel and Shaker, a Drosophila potassium channel, are ion channels that exist in a tethered ball and chain configuration."-3J The control of these channels is affected by occlusion of the channel by a tethered ball, provided by separate domains of these two proteins. The large cytoplasmic domain of band 7.2b may act as this tethered ball, in conjunction with an, as yet, uncharacterized second protein that forms an associated ion channel. In this case, the large cytoplasmic domain would play an important role in ion transport, with the small extracellular domain having potentially little functional role, thereby explaining the homology, or lack thereof, between species. Band 7.2b may act in a similar manner to phospholamban, an integral membrane protein of the sarcoplasmic reticulum. Phospholamban associates with and helps regulate the calcium pump of sarcoplasmic reticulum.3s Band 7.2b could associate with and regulate an undescribed channel/pump in a similar manner. Band 7.2b could be a member of a group of transport-associated proteins with a single membranespanning domain. These include a slow voltage-gated potassium channel," a renal cortical amino acid transporter," the rat liver ecto-ATPase (a canalicular bile acid transport protein),'* the minK potassium channel," or the proton pump of influenza virus MT4"
The importance of mutant ion channels, transporters, and associated proteins in human diseases is emerging:' The CFTR protein (cystic fibrosis),?* the skeletal muscle chloride channel (myotonia congenita):' and the sodium-glucose transporter (glucose-galactose malabsorption)u are notable examples of recently described mutant transport or channelrelated proteins in inherited diseases. Recently, mutations in the voltage gated K' channel gene, KCNAl , a human homologue of Shaker, have been identified in patients with periodic ata~idmyokymia.~' This is the first report of a mutant potassium channel associated with human disease.
Determination of the function of band 7.2b and its role, if any, in the inherited erythrocyte stomatocytic syndromes are the fundamental questions currently facing investigators in this field. Availability of murine cDNA and its genomic DNA will allow completion of gain-of-function (overexpression) and targeted gene deletion studies to begin to answer these questions.
